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(54) Method of manufacturing silicon sulfide 

(57) Silicon sulfide Is manufactured from ttie fine 
powder of silicon covered ttioroughly with sulfur at tower 
temperature less than 800^*0 in vacuum. 

To produce the silicon sulfide, silicon should be 
ground in the non-oxidizing condition to prevent the for- 
mation of silicon oxide layer that shouU cause to retard 
the reaction or necessitate higher temperature. The sili- 
con powder is dispersed sufficiently in the molten sulfur. 
At this time, the quantity of sulfur added needs more 
than 1.1 times in oomparison with the stoichiometric 
quantity of silicon suKlda 

All surface of silicon powder shouki be covered with 
sulfur to avoki sintering between silicon particles in the 
process of heating. 
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This invention relates to a method of manufacturing 
silicon sulfide. 

Some methods for synthesizing silicon sulfide have 
been known as follows: 

(1) to react silicon oxide with aluminum sulfide in 
atmosphere of Inertgas, 

(2) thermal cracking of organic silicon compounds. 

(3) to react silicon with hydrogen sulfide in hydro- 
gen atmosphere. 
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But each method includes some problems to be 
solved. Namely, in case of said prior art (1), aluminum is 
sulfide is expensive and this method needs essentiaNly 
higher temperature than 1100°C. in case of said prior 
art (2), organic siltoon compounds are expensive and 
organic sulfur compounds with stinks are released 
absolutely in this reaction, and in case cA said prior art so 
(3), this method needs high temperature such as more 
than 1200 »C so that the selection of equ^ment materi- 
als have very serious proWema 

Therefore, it is the object to present a method fbr 
producing silicon sulfide in which the synthesis of highly 2s 
pure silicon sulficle Is possible at lower temperature so 
as to eopand the width extent of choice of processing 
apparatus and material therefore, make workability pref- 
erable and decrease tfie energy consurrption. 

Fme powdo- of silicon is dispersed into melted 30 
sulfer by agitation. Then the obtained mixture consisting 
of the silicon powder and surplus suHur is feeded Into a 
vacuum vessel, and healed to produce sflicon sulfide. 

Silicon sulfide can be manufactured from the fine 
powder of silicon covered thoroughly with sulfur by the as 
reaction at tower temperature less than SOO^C in vac- 
uum. To produce silicon suffide^ silicon should be 
ground in non-oxkJing concfition to prevent the fom^tion 
of a silicon oxide layer that would cause a retaidation of 
the reaction or necessitate a higher tenperature fike 4o 
more than 600*'C. 

The prepared sificon powder is provided gradually 
into molten sulfur that is intensely agitated by means of 
a mechanical agitation and then It is dispersed suffi- 
ciently At this time, the quantity of molten sulfur must be 45 
more than 1,1 times of the stoichiometric quantity of sil- 
icon sulfida 

If the particle size of siltoon powder in very small, a 
large quantity of sulfur must be added, due to the total 
surface area becoming awfully large in comparison with 60 
larger silicon particle. And also it is difficult to produce 
the homogeneous sflicon powder dispersion in sulfur. In 
the case of silicon powder having a large surface area 
by reason of its own shape, the addition of sulfur is also 
needed much as same. 55 

It is undesirable to reduce the quantity of sulfur, 
because, if the whole surface area of silicon powder is 
not covered thoroughly with sulfur, a reaction does not 
start at tower temperature. Futhermore. the considera- 



ble amount of silicon powder should remain, just as it is. 
on account of sintering strongly t)etween silicon parti- 
cles. The strong sintering has a tendency to prohibit the 
reaction of the mixture in spite of higher tomperatura 

It is also undesirable that the quantity of sulfur is 
increased more than the stipulation, because the labor 
and energy are required for a separatton of surplus sul- 
fur from the reacted mixture. 

Therefore it is preferable, when the quantity of sul- 
fur is in the range of 1 . 1 to 1 .8 times for the stoichiomet- 
ric quantity off silicon sulfide. In addition, it is better to 
adjust the quantity of sulfur in the rar^e of 1.1 to 1.5 
times. 

In the smaller particle size ol sflicon, this reaction 
occurs more easy on the condition that each silicon par- 
ticle disperses homogeneously in sulfur. However, the 
purity of silicon sulfide decreases, because of having 
oxidized of the surface of the minute silicon powder. 
Moreover, there are difficulties that the silicon fine pow- 
der easily happens to be dust at handfing and does not 
disperse in melted suHtir well by reason off Its ffloccula- 
tion characteristic, and there is a dangerous factor that 
tfie fine particles react vigorously. 

If the partide size of silicon powder is larger tfian 
100 Jim, the necessary quantity of sulfur to cover silicon 
powder decr^ses. But its reaction needs to heat at 
high temperature, fbr example 800 and to maintain 
its tenperature for many hours instead of the possibility 
of the reduction of SLdfur quantity. 

The heating temperature depends on the particle 
size of silicon powder, and the dispersing conditions of 
silicon particles in melted sulfur. If the heating tempera- 
ture is under 400°C. this reaction does not start even 
though enough sufficiently dispersing of silicon and sul- 
fur is present. If the heating temperature is above 
800*C. the non-reacted silicon powder is easy to remain 
as sflicon powder being easily sintered by this exother- 
niic reaction. 

If this ruction is conducted at high temperature, fbr 
example 1000**C. the equipment for synthesis of silicon 
sulfide becomes expensive. Because the internal pres- 
sure in the equipment becomes high depending on the 
reactfon temperature, so the selection of equipment 
materials is restricted widely in order to suppress the 
cono»on by sulfur or sulfide. 



EXAMPLE 



350 g of highly pure sulfur powder, (6l>Q, was 
weighted in a stainless steel cup and then the sulfur was 
melted in an oa bath at 125°C. 100 g of highly pure sili- 
con. {6N). having the particle size of 25 mhi in average 
was weighted and feeded into the molten sulfur gradu- 
ally, which was agitated by a mechanical mixing appara- 
tus. After thert, stirring was continued for one hour in 
order to cover the siBcon surface with sulfur entirely. 

This mixture was ground after cooling, and then this 
granule was put into a quartz tube. Air in the quartz tube 
was evacuated ip to 10 x 1 0'^ Tonr and enclosed. 



2 



EP 0 802 161 A1 



The quartz tube was positioned in an electric fur- 
nace. One part of the quartztube was maintained at 470 
^•C and the other part was maintained 70CrC. respec- 
tively, for ISO hours. 

The product was porous and its color was bluish 
whita According to X-ray diffraction, only silicon sulfide 
was detected. 

COMPARATIVE EXAMPLE 1 

The example was repeated except that the tenper- 
atures of both parts off the quartz tube were kept SSO^C. 
Tne product had silicon dispersed in sulfur unlfbrmly 
and seldom reacted. 
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CX:)MPARATIVE EXAMPLE 2 

The example was repeated except that one part of 
the oonilainer was maintained at 470**C, the other part 
was maintained 950 »C. The product was not porous 
and fts color was light bluish whrte. There were some 
aoflregates. which were probably sintered silicon parti- 
cles, in the quartz tube. 



COMPARATIVE EXAMPLE 3 ss 

The example was repeated except that the average 
particle size was 150 nm. The product vwas porous and 
its color was light bluish white, though it had some 
tJlacWsh spots. According to X-ray diffraction, silioon 30 
sulfide, siBoon and sulfur were detected. 

COMPARATIVE EXAMPLE 4 

The exanple was repeated except that the quantity 
of sulfur was 230g. Tlie product was porous and had 
blackish aggregates everywhere. 

As described above, sfllcon powder is dispersed 
into molten sulfur and covered thoroughly with the sul- 
fur, so silicon sulfide is easily manufactured by heat'ng 
the mixture consisting of the silicon powder and the sul- 
fur, the method ther^ore allows a wide range of selec- 
tion of equipment materials and decreased energy 
consumption. 

If the sulfur surplus is in the range of 1.1 to 1.8 
times of the stoichiometric sulftjr quantity of silioon 
sulfide when silicon powder is dispersed into melted sul- 
fur, the silicon powder can be thoroughly covered with 
melted sulfur, and separation of surplus sulfur from hte 
reacted mixture can easily be done. 

If the mixture feeded into the vacuum vessel is 
heated in the range off 400 to SOO'C. pure sUioon sulfide 
is manufactured without problems such as high pres- 
sure reaction in the vessel, sintering silicon particles 
and remaining non-reacted silicon powder. 

Claima 



mg: 



dispersing silicon powder into molten suHur by 
agitation. 

feeding the mixture consisting of the silicon 
powder and surplus sulfur into a vacuum ves- 
sel, and 

heating the mixture to react. 

The method according to daim 1. wherein said sili- 
con powder has a size of not larger than 1 00 pm. 

The method according to claim 1 or 2, wherein sakj 
surplus suHur is in the range of 1.1 to 1.8 times of 
the stoichiometrk: sulfur quantity of silicon suHkia 

The method according to anyone of the claims 1 to 
3. wherein said heating is in the range of from 400 
to800°C. 
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A method of manufeicturing silicon sulf kJe corrpris- 
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